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(54) POLYMER SOLID ELECTROLYTE 

(57)Abstract: 

PURPOSE: To provide the subject electrolyte composed of an 
organopolymer having a specified structure, a nitrogen-containing 
heterocyclic quarternary ammonium salt and a metal salt, free from 
a fear about electronic conduction, exhibiting a high ionic 
conductivity even in the vicinity of room temperatures and 
excellent in film forming properties and strength, etc. 
CONSTITUTION: This electrolyte is composed of (A) an 
organopolymer having an alkyl quarternary ammonium salt 
structure, (B) a nitrogen-containing heterocyclic quaternary 
ammonium salt and (C) a metal salt. As the component (A) of this 
electrolyte, a homopolymer of N,N-dimethy|-3-pyrrolinium chloride 
represented by formula I (R1 and R2 are CH3; X- is CI-) and 
having 500000 average molecular weight is used. As the 
components (B) and (C), butylpyridinium chloride which is a 
compound in the case of k=4 and Y-=CI- in formula II and AICI3 
are respectively used. The ratio of the components (A), (B) and (C) 
is preferably (A)=5 to 20(mol)%, (B)=25 to 50(mol)% and (C)=70 to 
30(mol)%. In addition, the above electrolyte can be obtained 
generally by uniformly dissolving the components (A) to (C) in a 
solvent. 
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[0 0 6 0] ##01J2 [*«MS«^-C~H (#S£<*) 



cx\to a p c «t . (i DiKu i-fjnat«ai=*t 

|)>^'J U-hS^/^- (CH 2 = CCH3 (CO 
O (CH2CH2O) 4CH3 (JUT> PEM4«hB§t 
-6) XliCH 2 = CCH3 (COO (CH 2 CH 2 0) 
9CH3 (JUT, PEM9<tB§-r-§>) ) (iii) 
2 *))1>M*?')V (MMA) t £S 1 l-Tjk Ltz^S "7— n 
jSJt (moi%) l:Lf;/)^TAD^, Jbi:7V*l:X^ 
y^f D-hUJb (A I BN) Otjh/utz^y^ — O) 
tjl/Sl^LTO. 2-1. Omo l%£AD;L. SH$ L 
TS-SSfclCLfc. *<D&* ±2(?)DAECXIiDAP 

fctSS^^/T-ifiJSCDC I 3 H-NM 

[006 1] fcfc. 7V*JH^F«9ii:Lt7^t^ 
YV^f P - h'JJl/ (AIBN) |Cft^.XfflK^b'<>V r 

*OU (pbo) SttflaLTtBfll^BfrJHa)***^* 

[0 0 6 2] 
[11] 



«2 Om I £D^fi^7^1i7>^*!:, 



(i) DAE 





DAEC 


DAPC 


PEMi 


FEm9 MMA 




100 












100 








95 




5 






90 




10 






95 






5 




95 






5 






95 


5 








90 




10 



e'j5 = ^D7-f K) <&^i£] 

K£2 4B*M*nSBHIBL* SfcOT-^iPL, v**-y-> + 

f Jbt'U v-^A^ P7^ K (BPC) (D%^^% 

0?W8lll::£y«l«lL* +#lc*ffltt**1*fc. 
[0 0 6 3] ###J4 (/\py><b7;us-^ 
A*) (Dml^S] 

tm&w* »<b«K9 9. 9 9%cd/\p^>^7 

;u5=:^AttSttffllMttlcJlfflK;«Lfco 



[0 0 6 4] mifcW\ 1-38 

(a) m^mtemnmz? * )\,k<d\%$l 

±IB#ti1t|#fcPDAEC (^rfcfclS^A) £ + 
lc^7K^?iL/--X^ y -^^l^i^PL, +»l-flti* LT 
Ltro 

[0 0 6 5] -75. #%«3t?»f=^JUt; U v-OA 
^P^-f K (BPC) ###j4(D^l^^J6L^^ib 

J: 3 I n '> L r O St # L 36 < £ * D * fc o 

[0066] (BPC<h A I C I 3(7)^^) 
XtKffl 1-8 [B PC] : [A I C 1 3] = 

3 : 7 




1 1 8 4 8 0 



h (— N R 3 C 1 ) BP^DAE Ci- V V 

t. sMSiiJtfiBPctA i c i 3t0aa.it 

\*. £ 2 3 I-tf L tzti&t fc&cfc dl^Lfco 

[0067] ^CDgL ?Lg0. 4 sjimiz^-rM,* — £ 

»u *««i£i&*u haic*yj««Lfc. hp 

*U 4 0-6 0^C&;SJtffiffllzK£Lfc1I;BS+T?ft« 
«*^IC»*LTK«lSFi±. mJl50-2 00//mfI 
jUAftHXgli, *^T««fflftXI**Stt#X»B*i 
[0 0 6 8] 

PDAEC/BPC/AICh ^S^H(»fttBg 





-NR 3 CI unil 


BPC 


A 1 C 1 3 


BPC/AICI 3 


7 .< J\s2»V>Um 




(mmol) 


(mmol) 


(mmo 1) 






gtlfcffl 1 


1. 00 


0.043 


0. 10 


3/1 


mm, i/7XW 


£fflffll 2 


1. 00 


0. 129 


0. 30 


3/1 


mm, ffc&tiu msmtsm 


USS^J 3 


1. 00 


0. 214 


0. 50 


3/1 


mm, ms&mm 


Hi/fetf] 4 


i. 00 


0. 300 


0. TO 


3/7 


mm, mm&, §s$!#i)i 


Stttftl 5 


1. 00 


0. 428 


1. 00 


3/7 


mm, mvK&, gBiNfSi 


mmm 6 


1. 00 


0. 857 


2. 00 


3/7 






1. 00 


1. 290 


3. 00 


3/1 




mm 8 


1. 00 


2. 140 


5. 00 


3/1 


am, YMKK 


HJSCT 9 


1. 00 


0. 067 


0. 10 


4/6 


mm, ^7^« 




1. 00 


0. 200 


0. 30 


4/6 


mm, mtm, ib^si 


mmn 


1. 00 


0. 333 


0. 50 


4/6 


mm, mtttts @e3:8ra 




1. 00 


0. 467 


0. 10 


4/6 


mm, mm. &a*mm 


m&wn 


1. 00 


0. 667 


1. 00 


4/6 


mm, mk&, @bxhfmj£ 


mmmu 


1. 00 


1. 333 


2. 00 


4/6 


mm, i&m&, YMm 




. 1 00 


3. 333 


5. 00 


4/6 


am. i&m&. ¥Mm 



mi&m 9-15 [BPC] : [A I C I 3] = 
4 : 6 

6-20 [BPC] : [A I C I 3] = 

2 : 8 

Hifc#]21~26 [BPC] : [A I C I 3] = 

1 : 9 

HS£#J27~32 [BPC] : [A I C I 3] = 

6 : 4 

*J6fifl3 3~3 8 [BPC] : [A I C I 3] = 

7 : 3 

mtL. mutfSL&MlSLLtzo za>5S»tftS±EO)PDA 

EC <*r«S#^-A) CQX£ J — )\,^m^. \rZ>47<< 

x > $ j - )i>® t* l . mn l u tf*> '> l -r o an x . 



[0 0 6 9] 



[*3] 




4#B8¥ 7-1 1 8 4 8 O 



PDAEC/BPC/AlCli jfea^PHWKffg 





-NR, CI unit 


BPC 


A 1 C 1 3 


BPC/AICh 






v^nio o \) 


I frtmA 1 1 

yjiulO « J 


^ til III U 1 / 








1. 00 


ft fl7R 

U. U Id 


a in 


? /ft 

LI 0 




, t. Ml, tn\ 4 n 


1. 00 


0. 125 




6/0 


3SBH SP^&p^HS 




1. 00 


0. 175 


0. 70 


2/8 




HJfc#J19 


1. 00 


0. 250 


1. 00 


Z/8 






1. 00 


0. 500 


2. 00 


2/8 






1. 00 


0. 011 


0. 10 


\ /ft 
1/9 






1. 00 


0. 033 


0. 30 


1/9 






1. 00 


0. 056 


0. 50 


1/9 






1. 00 


0. 078 


0. 70 


1 /n 

1/9 






1. 00 


0. Ill 


I. .00 


1/9 




mmmi 


1. 00 


0. 222 


2. 00 


1/9 






1. 00 


0. 150 


0. 10 


6/ 4 






1. 00 


0. 450 


0, 30 


6/4 






1. 00 


0. 750 


0. 50 


b/4 




3IJSW30 


. 1. 00 


1. 05D 


U. Ill 


b/4 






1. 00 


1. 500 


1. 00 


6/4 






1. 00 


3.00 


2. 00 


6/4 




§gJte0iJ33 


1. 00 


0. 233 


0. 10 


7/3 




&Mk0J34 


1. 00 


0. 700 


0. 30 


7/3 






1. 00 


1. 16? 


0. 50 


7/3 






1. 00 


1. 633 


0. 70 


7/3 






1. 00 


2. 333 


1. 00 


7/3 






1. oo 


4. 66T 


2. 00 


7/3 





(b) K»^B#«*W^-f^Aa)tttt»ffi 

7^t 0 C(D$^b, CCD^I^^l>T(i. BPC^rA I C 
tSAICI 3 ^tb* [Al3+]/[-NR 3 CI] 

(c) S5»^Bi*tt»«7-f ;uA<D^*>»m*(D»filfi 



[0070] ftfc, -<D;ffl^i*. a«Ri**a)ea8« 

HKIi iO"2-io7Hzt Lf; 0 
[0 0 7 1 ] »*TfCg8LTI*. BaffiafefilMi 

? j ^01^^^^.^ z it: \z ± y ftHoRti^na 

[0 0 7 2] B P C : A I 

C I 3 = 3 : 7 fcLfe«J6«2, 4 - 7 a>K»?-Bi*« 




1 1 8 4 8 0 



fgff 3?-f JUAICOUTI*. -2 0°C~6 0°C<D;SR«« 

f^y-bz^xl ( 1 / T v s. I oga) C^P 
^hLfco :^o i v hiSl^il lc^-r o BP 
C:AICl3 = 4:6(h LfcHSfi^J 12-14 CDStf 

[007 3] Hl^b, BPC:AICl3 = 3:7t 
^5fi«©SJt««clCfc^t*m^^1 0-4-10 
# [A I 3+] / [-NR3 C I ] CDfit/)<2ia±tf>ilJ£ 
«KttO)ffi#S#flfr*i:. [A I 3+] 

/ [-NR3C1] =0. 3-1. om&tf&^ttf 

[0 0 7 4] H^b, [A I 3+] / [-NR 

3 ci] <Dfit)!i<*:#<<i:*ISi:»«*a);SSSE<bl*/hS 

[0 07 5] I2^b, BPC:AICl3 = 4:6<t 

Ltzmmmi 2-1 4(Das»^H(*«»K^-f ;uaico 

L^t, *aifi«0);Sffifa«^fet^TW«*A<1 0-5 
-10-3 S/ cm&l*3Xl*tt$;i*L« [H 1 iC^Lfr 
!2. 4-7 CD^^^m^mMH^ < H-ix t [B3*i(D 



[0 0 7 6] *fc, B»THti«S7^Jl/A*iSt 
^PDAEC, BPC. A I C I 3<DffljaJ££»B*i: 
CDHft^O*. [AICI 3 ]/([AICl3] + 

[BPC] ) iZ^LT^m^ (30°C) S^P^hL 



[007 7] i3^b, PDAEC07il/HGSjS7> 

^-^Aigts&icsrr^A i c i 3 <o]tm [a i c 
i 3] / [-NR3C i] tfio . 3-1. o<Dmm\~&> 

ZmSlz. BPChAICI 3^&£^;£;tliiMCD£& 
rtJt [A I C I 3] / ( [A I C I 3] + [BPC] ) 
#6 0-8 OKX'fo&tMl^W&tfTr-Ztl&^ttffr 
#£<> CftlzftLT. [AICI3]/ [-NR3C 

1 ] rt<2. 0(D^^izlt. BPCdrA i C I 3 

[0078] mmm 39-52 

pdapc (fiiH^TB) sflgffi-r«ia^ttS6S£«>]i 

irlBj^il^L. PDAPCtBPCtA I C I 3 <Dffljjt£ 

W^SLfco CCOif^. BPC<!:A I C I 3<7)^;U 

[0079] (B P C£ A I C I sCD^E^UJt^) 
l»J3 9-4 2 [BPC] : [A I CI 3] = 

3 : 7 

HWJ4 3-4 6 [BPC] : [A I CI 3] = 

4 : 6 

3S!feeH4 7~4 9 [BPC] : [A I CI 3] = 

2 : 8 

HJS0IJ5O-52 [BPC] : [A I CI 3] = 

6 : 4 

[0 0 8 0] 

[«4] 




ftfSlW- 7- 1 1 84 80 



PPAPC/BPC/AICU Sg^H^ggg 





WD Tl nn i 1 
WK3 vr I Unit 


npr 

or ^ 


A 1 f U 


BPC/A 1 CU 

D f \tf It 1 V l 3 




Cranio l ) 


(moio 1 ) 


( m m n 1 1 

v,inino 1 / 






1. UU 


A 190 

u. 1 c y 


V. OU 


0/ 1 




1. 00 


0. 214 


0. 50 


3/7 




1. UU 


n 0 n n 


A 7 (1 


0/ / 


» 1 ■ 1 j.i r 1 1 0 
HSs0tJ42 


1. 00 




1. UU 


d/ 1 


&tfc0!M3 


1. 00 


0. 200 


0. 30 


4/6 


HJ60»J44 


1. 00 


0. 333 


0. 50 


4/6 


Hti60>J45 


1. 00 


0. 46? 


0. 70 


4/0 


^56^)46 


1. 00 


0. 667 


1. 00 


4/6 


SS*S0J47 


1. 00 


0. 125 


0. 50 


2/8 


nase>j48 


1. 00 


0. 175 


0. 70 


2/8 


X*ffl49 


1. 00 


0. 250 


1. 00 


2/8 




1. 00 


0. 450 


0. 30 


6/4 


IU6W51 


1. 00 


0. 750 


0. 50 


6/4 


3S&W52 


1. 00 


1. 050 


0. 70 


6/4 



(b) m^n^m^m^^^A^ti^ifffi 

(c) S5»THi*fl»ll^-f JUA<D-r^-v««*0)Hfilli 
±ffi (a) ■e»fcK»^-H»«*ll^-f ^AO)-f*>« 

[00 8 1 ] »£*L*:»m*£ [A I C I 3] / ( [A 
1 c 1 3] + [bpc] ) izfctLT hl^c - 

[00 8 2] 04^b, SM^tLTPDAPCS 



mmit, p d a e c Lfcitasffj 1 iztt^zt ^ 

[008 3] HJfeffl 53-55 

.fy-UAlXfcl^T, A I C I 3lcn^.TA I B r 3XI*A 

i 1 3^tl>^lilWJi 1 kf5\m~LXW&* 

[0 0 8 4] 
[^ 5] 





AIX, 


-NR 3 CI : BPC 


AIX, 








Aicb 


1. 00 : 0, 30 


0. 70 


ask s&te. 






A) Br 3 


1. 00 : 0. 30 


0. 70 


mm. aakttx 






Alia 


1. 00 : 0. 30 


0. 70 


mm. msm. 





[0 0 8 5] ztLtoK^HftBWH^-f 
3 0°clcfclt-g>^^->#m^^ll*6« 1 fcB«i:3HSL 




ftfflW- 7- 1 1 8 4 80 



[0086] I5^b, MftTm&nMM?* iUAlrffi 

- % Br-, i -t&tL&t. zomi-mmmtf^te 

10-4 S/cmgjt(D}Kl^l1l***L 



[008 7] HJfifitl 56-59 

^a) izftxx&m^te immune- f) z&mt 

[0 0 8 8] 
[16] 



-HR 3 CI 


BPC 


AICU 


HSS0I156 


C 


1. 00 


0. 30 


0. 70 


mm. 


sextan* 


H*i8§t&j57 


D 


I. 00 


0. 30 


0. 70 


mm, mm. 






E 


1. 00 


: 0. 30 


0. 70 


mm, mk&. 




3E!fetRJ59 


F 


1. 00 


0. 30 


0. 70 


mm, a&c&. 





zmti&n'A^o^s -?—mmzML. PEM4#5mo 

A (S6Sfe«y 56) J^niOmo I %C0^^^^ D £ 

figffiLf-S»^B(*m»a^<;uA (hm^J5 7) cd^ 

aga>gi^ PEM9 SttffllfcB^BMBI^-f 

(3lS£#J5 8) 0>^ifetttt^**^o/=o Lfrtfo 
P EM4XI*P EM9(Dtf£j£tt£fclf\ ^tz^M^^i± 



[0 0 8 9] cti^S^BftfUBK^^^AO) 

3 o°c(zfcit^^^>#a^$iij5s^j 1 fcH«^aiSL 

[0 0 9 0] |6^b, *«K»^*»«(=fcfcy. * 
m^^-y-^)^^ P EM4XliP EM9<D«j3thbSfc 

[0 0 9 1 ] Hffi^J 60-63 
*«MS#*fc LTWftftTmtf 500000(DPDMP 
C^SfflL, PDMPCS««t5DMPCa- 
•Vh, BPC. A I B r 3<7)fgfi£J±£^7 ll^tJ: 5 

[0 0 9 2] 
[«7] 





DMPC un i t 


BPC 


A1C 1 3 


DMPC : BPC : 


A1CU 






(mo IK) 


(mo l» 


(no IK) 


(*;Wfc) 








5 


05 


30 


1 : 13 


: 6 




HdifcWl 


10 


60 


30 


1 : 6 


: 3 


mm, m$k&, sa$»a» 




15 


55 


45 


1 : 3. 67 


: 3 






20 • 


25 


70 


1 : 1. 25 


: 3. 5 


mm. sttttrnm 



[0 0 9 3] cti^K^BftmPH^-f 

tB«i=«HEL, »&tifc»Wff* 



7— U— ^XgJ ( 1 / T. vs. I o g a) IC^P y 

PEOHiCI0 4 ( [Li+J / [EtOu 
nit ] =0. 0 2) A^6ft*«#^B*«»M^-f 




**BB¥7 - 1 1 8 4 8 0 



nmnrnzmmzT— is-o^mi-zray hi, i7ir 

^ L /"Co 

[0 0 9 4] S7^b, ^0)Slt6ffll6O. 6 1 (Dl^ 
;UA<D3»«*I*. 0-3 s/c 

[0 0 9 5] 

[SI®<DfB!*<j:|tt^] 

[i] i ] xM&fl^x^BMMKiRoiia^ama) 

[B1 ] 



JO'" ■ >- | . .. | ... | , 




2.80 8.00 3.20 8.40 3.60 8-60 4.00 4.20 
T l < 1000/K) 



nafsi-efc-So 

[13] mt&mco'm^m^mmnmoy. pdaec. 
bpc. a i c i 3<Dmi$.)ttmnmt<DM&mx'fo 

[14] Xffiffl<0Sa?B{*ttftHH<D« PDAEC. 

bpc a i c i 3<DffljShbtaitt*i:a>B8ffil2lT?fc 
[is] /\py>ftr 

;U 5 - ^ A £ t (D M<$1 T? fc £ o 

[s 6] mmmcDm^m^mnmrno. mmxtt+o 

[17] SKfl0)X»?-Btt:*ftKKa)ajC^:**«a) 
[12] 



10" 





* 








-i 






-— i 3 






i i ■- i » ■ ■ 



2.80 8.00 3.20 3.40 8.60 3.80 4.00 4.20 
T" 1 (1000/K) 



[13] 




0.20 0.30 0.40 0.60 0.60 0.70 0.80 0.90 L0 
CAICTp/CIAlCy+PPCl) 



[14] 



I0" a 



SB 

i 

30-* 



ID' 8 




{AICI, |/|-», CI] -I. 3 

ttldi 1/1-81* CIIMl 1 
— (AICI, )/[-vu cii =1. 0 



0.20 0.30 0.40 0.S0 0.60 0.70 O.80 0.90 
CAJCy/([AlCl 3 )+CBPC]> 



1.00 




ftm¥>7- 1 1 8 4 8 0 



[15] 



H>" 2 



~ ID' 4 

I 

ft 



ID" 8 



AlCl, 



AlBr s 
AlXg salts . 



All, 



17] 




[16] 



ID' 2 



I 



^to^JS 6 • • • 



m*%V>&\\\mit&}\\ 6T g 7 §35-§- V- 



